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Fine-Sediment Erodibility Characterization
Purpose
The purpose of this technical note is to set forth a set of characterization test
evaluating the erodibility of fine-grained,

parameters or descriptors for evalu
coheswe sediments at ¢

To establish or manage open-water disposal sites, assessment of the "disper-
sion” of disposed materiais from the site is often required. Dispersion in-
clu e reia tlveiy small losses of materiai carried away at the time of

a relative, rather than an absolute, gage for sediment erodibility. As such,

des both th
p Iace 1ent, and the main effect of erosion and transport from the bed under
the action of waves and currents. The erodibility of nne—gramea sediments
depends on a number of parameters. Erodibility and the coirelations between
erodibility and sediment parameters are both highly variable and difficult to i
predict. Characterization parameters are a way to key in on erodibility. -
This technical note describes tiered laboratory tests which can be applied to O
provide some characterization parameters and, therefore, an indication of the ~O
erodlblhtv of fine-grained dred ed material. References are provided for test O
< methodologv [ —
& §o  Additional Information ——g
=33 >
W g N o
f-<- .= Contact the author, Mr. Allen Teeter, (601) 634-2820, or the manager of the P
=0E& Dredging Research Program (D ), Mr. E. Clark McNair, (601) 634-2070.
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M2 This is the first of several DRP technical notes on the erodibility of fine-
E a0 grained, cohesive sediments. The characterizations described herein provide
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Erodibility characterization is one aspect of an overall study which might
include bathvmetrlc current, wave, and sediment surveys of the site, nlus
possible contaminant screening of the material to be dredzed These studv
methods and their planning are important, but difficult to generalue for all
situations. Direct methods of assessing sediment dlspersxon from existing
sites (including erosion), such as bathymetric and density surveys, will not be
described, but should be considered. In addition to sediment properties,
water column conditions, mound formation, slumping, and micro-topog-
raphy may ail be important to sediment dispersion from a disposal site.
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here Characterization tests are descnbed in three sections: basic, extended_,
and complete. Analytical methods will be cited, but details will not be
presented.

Basic Sediment Characterization
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(1965}, and US Army Corps of Engineers (USACE) (1970)

Use hydrometer, pipette, or other fine-sediment sizing method to extend
grain size determination to the silt-clay fraction. Avoid chemical and physi-
cal alterations to samples. Analyses should be conducted on dispersed sedi-
ments which have never been dry or lost substantial moisture.

The erodibility of fine-grained sediments is strongly related to its bulk wet
density (Teeter 1987). Bulk density should be measured in dredged and in
situ materials using reliable devices such as niuiclear probes, or gravimetric
analyses should be performed on representative samples. Sediment density,
or related parameters such as solids content, is an important indicator of the
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Clay content and mineral type are the principal factors affecting CEC. Or-
ganic matter also affects CEC and is normally removed before analysis. If or-
ganics are not removed, then the CEC reflects the total material. CEC
prov1c1es a measure of the potennal 1nterpart1cle bond strength, dependmg on
the ions actually availabie in the secument or erocung fiuids, ana on the
presence of f colloidal organics. Typicalr anges of values for CEC (Teeter and

crlimess TOQON Lasasnd Sem 110
Pankow 1985) 1 a

Mineral Fraction CEC, meq/100 ¢
Kaolinite 1-15
Illite 10-40
Montmorillonite - 50-150
Chlorite 10-40
Vermiculiite 100-150
Organic fraction of solids 150-500

In general, the greater the CEC, the more erosion resistant the material.

Characterizations on fluids should inciude in situ sediment pore fiuids and
J .
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Dissolved salts compress the ionic layer surrounding particles. Higher salt
content makes particle collisions (as from Brownian or settling motions) more -

effective at formmz interparticle bonds. Major ;t'ons u. ally include
sodium (Na+), calcium (Ca++), and magnesium (Mg++). Ma1or anions in-
clude chloride (C1-) and sulfate (504--).

The ratio of Na+ to other major cations can be used to compute the sodium
adsorption ratio (SAR):

1

{ % [Cat+ +] + BIMG+}
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where the variables inside the square brackets indicate concentration in meq
per liter. SAR is used to predict when a suspended particie in equumnum
with the surrounding fluid will become cohesive. Both SAR and concentra-
tion of salts in pore fluids have a significant effect on erosion threshold. The
higher the salt content and lower SAR, the greater the threshold value. Salt
content and SAR of the eroding fluid also affect erosion threshold.

The pH and redox potential of a fluid also affect particle surface charge and
cohesior. Temperature inversely affects interparticle attraction.

A more in—dep't'n characterization of erodibility and an assessment of trans-
port cnaracrensucs 1nv0ivec1 n aeposmon can De maae by pertormmg the

[ PN .

d setiling testing. Mineral composition
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should concentrate on low-shear v1$c051ty and apparent yi
searchers have related rheologic and erosion Drovertles of flne-zramed sedi-
ments. The Bmgham Plastic model can be apphed to the data to estimate

yield stresses at various sediment concentrations. Other models can be used
to estimate a limiting low-shear viscosity, related to the Bingham yield stress.

Rheological testing gages the stress-strain relationships of the material and
eld

Consolidation testing should identify vertical density profiles as well as set-
tling rates. Methods are described by USACE (1970) and Teeter and Pankow

oy

xl%w Spec1a1 1aooratory testing (Carglu 1982.) wiu be requlred if void ratio-
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material from the disposal site may be an issue that would require estimates
of se..lmg rates and critical shear stresses for deposition. The former can be
i i n nongion roncontra-
rrvAw&vA WAL ALMG

should be used (Teete_ d nko .989).

The critical shear stress for erosion of newly deposited sediments ap-
proaches the critical shear stress for deposmon. Therefore, the critical shear
stress for deposition can be estimated from the aggregate yield strength ob-
tained by rheological tests at low suspension concentrations.
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Complete Sediment Characterization

Basic and extended characterization tests are recommended before proceed-
ing with direct laboratory erosion testing. Several erosion processes or
modes have been previously identified, most involving critical or threshold
shear stresses, and erosion rate constants of various forms. The first problem
will be to identify the most 1mportant erosion mode for the parncular situa-

L3 am - NG I IR, . -_ r._\

(1011 4TIkl 1O uemgn €5t pl an accoramgly Erosion moaes IDCIUOE. entram—
ment, particle, signi f cant particle, mass, and abrasion.

Static fine-grained suspensions underge entrainment into the flow depend-
ing on local velocity and density gradients. Static suspensions are defined as
having no mh’-‘rparhﬂﬂ bond strength nor effective stress, Particle and sig-

nificant particle erosion modes are bed-surface erosion phenomena. Inter-
particle bonds are disrupted individually or in small groups (respectively) by
the local applied hvdrauhc shear stress. Mass erosion occurs if the bed is sub-
jected to sudden large shear stresses, and the bed fails at some plane below
the bed surface. Dense clays which can withstand extreme clear-water flows
can be abraded by saltating sands in much milder flows.

There are no standard methods for erosion testing. Sediment beds are
either deposi'ted from suspension or molded into an apparatus for erosion
tesung if the oea is deposited, a suitable time for settung, gemng, and con-

solidation must be allowed. Gelling requlres about one day, and consolida-

o wiemals tesand mnllee Allmc. oA

0 a week or {wo are typicauy auowed.

.
Future DRP technical notes will discuss erosion testing and cohesive sedi-

ment erndihilify mnre comnletalyr

ment erodibility more completely.

oummary

Characterization of fine-grained, cohesive sediments for erodibility was
recommended at three levels as follows:

Level : Tests
Basic - sediments grainsize
density or related parameters

consolidation
settling

Complete all of the above
direct erosion observation

wm
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Conclusions

Cohesive sediment erodibility varies widely depending on sediment com-
position, condition, and other factors. Judgments and interpretations of
reported erodibility values should be based on the important parameters
presented earlier.
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